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PROJECT NIPPER - NO 8502 


Objectives 


Study the influence of filter length and denier per filament on 
filtration efficiency. 

Determination of the weight-RTD relationship (capacity curves) of 
the qualified tow items. 


Status 


The results of the filtration efficiency of filters made with 
different tow items at a length of 27.5 run were reported in the 
last quarterly report (Ref .1) . These filters were cut down to 
21 mm in order to determine the filtration efficiency for that 
length. 

The recent extension of our current Model for low diameters 
(project Hatchet) also required a review of the capacity curves 
of the different qualified tow items, specially with regard to 
the effect of diameter. 

Results 


a) Filtration efficiency 

The first series of filters (27.5 mm length) made with different 
denier per filaments (dpf) gave higher filtration efficiencies 
than calculated with the modified formula from Kao 
(Ref. 1 and 2). 

It was believed that this was the effect of the length of these 
filters, which is underestimated in the formula. 

In the second series, these filters were cut down to 21 mm. The 
results of the efficiencies made in the smoking lab also showed 
systematically higher values than those calculated. 

Based on these results and also considering other efficiency 
values from Cigarette Data Bank the coefficients of the equation 
were determined as follows : 
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E = A + (1 - e ( -1 » 171 “ 0*000091 RTD . C 2 - 0.5224 1/d) / Q 


E 

= 

filtration efficiency 

(SN) 

A 

= 

constant for Blend type 

(0.055 for American Blends) 

RTD 


filter pressure drop 

(mm WG) 

C 

= 

tow circumference 

(mm) 

1 

=■ 

filter length 

(mm) 

d 

= 

denier per filament 

(g/9000 m) 

Q 

= 

smoke flow rate 

(cc/s) 


The analytical results obtained in this project compared to the 
calculated values are shown on Fig. 1. 

We observed that the shorter filters (21 mm) correlated very well 
but the longer filters still gave slightly higher values than 
calculated. 

b) Tow Capacity curves 

To evaluate the weight - RTD relationship valid for our 
production^ centers, a theoretical denier per filament (dpf) was 
determined based on the yearly mean analytical value of all 
single filters produced at PME. 

These calculations are based on the formulae developed by 
R. Dwyer at PM USA (Ref. 3). 

40 * jt * n * L. 2 * B " Q m 3 

RTD =--- - - 

rho * A ■* * * d * D 


B = (0.315 + 0.765 * --) (0.560 + 0.241 * d°* 5 ) 

m * L d 


The dpf were obtained by iteration with the tow weight, diameter 
and RTD of a given filter. About 60 filters were analyzed this 
way. 

The resulting dpf were averaged for a given tow item and the 
capacity curves calculated according to the above formulae. 

The minima and maxima were also determined according to Dwyer 
(Ref.3). 


a mini = 0.0250 + 


6.41 *10 5 


D 

cr v = 0.04 50 +-- 

X 6.41*10 5 
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These capacity curves were plotted on fig. 2a-c together with 
those obtained from different suppliers. 

The following observations can be made : 

- HTD 1 - weight. 

In general we observe that the values for PME have a slightly 
higher weight for a given RTD than calculated by the suppliers. 
This shift can however be explained by the fact that RTD 
measurements from PME are about 4 % lower than those from the 
suppliers (Ref. 4). 

- Minimum point. 

A good agreement is achieved on the minimum RTD. 

- Maximum' point . 

Substantial differences are also observed between the 
suppliers. This point depends particularly on the jet used and' 
is therefore not well defined. 


Effect of filter diameter 

With' decreasing diameter of the filter, the tow weight of the 
minimum and maximum point of the capacity curve shifts towards 
lower weights. 

This shift is however difficult to evaluate as it depends not 
only on the rest-crimp-ratio of the tow but also on the plug-wrap 
type (surface roughness) used. 

For practice, a linear decrease of tow weight at minimum and 
maximum was introduced. 

The effect on the capacity curves is shown in the example of tow 
3. OY/35'000 on fig. 3, together with the prediction models from 
the two tow suppliers Eastman and Rhodia. 


mm 


max 


= 0.025 + 


(0.16 (0.77-Diam)) + 


= 0.045 + (0.14 


(0.77-Diam)) + 


D 

6.41*10 5 
D 

6.41*HO 5 


Conclusions 


Integrating these results (together with those of project 
Hatchet) into the current Cigarette Model, increased accuracy 
will be achieved in the prediction of smoke deliveries. 
Furthermore, a better tow selection, specially with regard to 
smaller diameter, will be obtained. 
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Plans 


No further action planned. 


PROJECT CHISEL - NO 8501 


Obj ectives 


To investigate the influence of tobacco-rod compacity on 
mainstream andi sidestream deliveries including puff by puff 
profiles. 


Status 


The prototypes were made at six different compacities; they were 
weight selected + 10 mg by a weight-selection machine. The RTD of 
the encapsulated rod and the dilution percentage of the tobacco 
rod (through the cigarette paper) were measured in the smoke 
analysis laboratory (routine). The determinations of delivery per 
puff (profiles) of DPM, SN and CO were made in the research 
division. The prototypes had the following dimensions: 


Cigarette length 
Filter length 
Diameter 
Blend 

Filter ventilation 
Cigarette paper 

Results 


84 mm 
21 mm 
7.90 mm 
ML 022 


WP 6 0 


Mainstream 

DPM, SN deliveries increase as tobacco weight increases to the 
critical weight, between 900-930 mg/cig (figure 6a, 6b). 

But as weight increases above the 930 mg/cig, these deliveries 
decrease. For carbon monoxide (CO) the critical point (maximum) 
seems to move to the lower values of rod weight (between 
850-900 mg/cig). However nitrogen monoxide (NO) is a linear 
function of the tobacco weight. 

Increasing tobacco-rod density decreases tobacco-rod porosity 
(figure 7c) and also the average channel diameter. According to 
this : 


Source: https://www.indust?$documents.ucsf.edu/docs/hpnm0000 
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- the filtration capacity 

- the resistance to draw RTD 

the dilution percentage (through the cigarette paper) 

of the rod increase (Fig. 7a, 7b) and less volume of air enters 
by the coal; as result, the combustion characteristics and the 
temperature profiles of the tobacco rod change. 

The functions of RTD rod, rod dilution percentage versus tobacco 
weight are linear up to the critical point 900-930 mg/cig 
(Fig. 7b). The slope of these functions changes above this point. 
Taking the whole weight range : between 700-1000 mg/cig they seem 
to behave as second-order functions versus tobacco weight. We 
make the assumption that the change of the slope is probably 
because of the change of the flow regime inside the tobacco rod 
which passes from laminar to turbulent flow at a critical rod RTD 
of 75 mm WG (strong increase of rod dilution). The filtration 
coefficients of SN, DPM and the diffusion coefficient (through 
the cigarette paper) of GO were calculated by using puff profiles 
(Ref.1,6). These results illustrate: 

1. The diffusion of CO through the cigarette paper increases 
(rod-dilution percentage increases by increasing tobacco-rod 
density. Fig. 7a). 

2. The tobacco-rod filtration for SN, DPM increases (Fig. 7a). 

3. The CO/TAR ratio is influenced more by diffusion than the rod 
filtration; this ratio decreases by increasing tobacco-rod 
weight. 

The measurements of the RTD of the encapsulated rod enable us to 
calculate the physical parameters of the tobacco rod such as the 
porosity, the average channel diameter (Ref. 5). 


1.17*10 

€ = 0 . 4 + - 

A 


e = Porosity of the tobacco rod (-) 2 

A =• Cross-sectional area of the rod (mm j 
L = Length of the rod (mm) 

Ap* = Pressure drop of the encapsulated tobacco rod at 
17.5 cm /s (mm WG) . 


1/3 

( L ) 

(-) (I) 

( £P* ) 
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1/2 

( 2 ) 


d = The average channel diameter of the tobacco rod (mm) 

A P = Pressure drop of the tobacco rod, RTD (mm WG) 

D = Rod dilution percentage (-) 


D 

The experimental data shows us that the ratio of - is steady 

A P 

throughout the range of the tobacco weight; using this 
information 1 , we have developed a new relationship between the RTD 
of the: tobacco rod and the RTD of the encapsulated tobacco rod 
(Fig. 7b, 7c). 


Lm (AP* * D ) = * AP + m^ (3) 

m i' ®2 = eoeff i c; '- ents * 

Application to CHISEL gives : (Fig. 7d) 

Ln (AP* ‘ D ) = 0.38 AP + 2.3 (r 2 =1) 


= 1 . 02.10 


-2 


A P* ) 


Following correlations were made in order to put the experimental 
results in a mathematical form : 

1. DPM, SN, CO deliveries are a function of the tobacco weight. 
Example for DPM : (Fig. 4, 5a, 5b). 

CHISEL gives : 

DPM 

- = -3.H0 J W + 4.5 (r = 1) (4): 

PC 

PC =1.7 * lo -2 W - 4.9 (r 2 = 1) (5) 

Multiplication of the equations (4) and (5) gives a second- 
order function for DPM versus tobacco weight. 

DPM 

- * PC = DPM = -5.1 ’ 10~ 5 w 2 + 9.2 * 10~ 2 W - 22 (6) 

PC 

DPM : (mg/cigi) 

PC : Puff count (no./cig) 

W : Tobacco weight of the given cigarette (mg/cig) 


Source: https://www.indus?rydocuments.ucsf.edu/docs/hpnm0000 
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The same form is used for SN and CO 


DPM : 

B i 

W 2 

+ 

B 2 

w 

-f 


(7) 

SN : 

c i 

W 2 

+ 

C 2 

w 

+ 

C 3 

(8) 

CD : 


w 2 

+ 

°2 

w 

+ 

°3 

m 


(Fig. 6 a, 6 b) 


B ir B 3 , C 1 , C 2 , C y , D , D 2 , D 3 are coefficients. 

SN : (mg/cig) 

CO : (mg/cig) 


2. Mathematical prediction for CO/TAR ratio was developed by 
dividing the linear equations (10) and (11) (Fig. 5a) 


CO 



PC 

- n « + b i, 

(10) 

TAR 



PC 

- bj W + b 2 

(11) 


CO 

PC CO a w + a 

- - - = ---- ( 12 ) 

TAR TAR b ' 1 w + b 2 

PC 

a x , a 2 , b^, b 2 are coefficients, (Figi. 6 c). 

The NO deliveries are not influenced by the rod dilution, NO 
delivery versus tobacco weight is a linear function (Fig. 6 b). 

Firmness, static burning and the mass burning rates are linear 
functions versus tobacco weight. (Fig. 4, 8 a, 8 b). 

Mass burning rate and the ratio of rho * J& / SBT decrease 
very slightly for higher rod densities. This means that the 
diffusion of the oxygen into the coal (static conditions) 
becomes difficult. 

MBR : Mass burning rate (mg/min) 

0 : Cigarette diameter (mm) 3 

rho : Tobacco rod density (mg/cm J ) 

SBT : Static burning time (min) 

SBR : Static burning rate (mm/min) 
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Conclusions 


Mathematical predictions of the experimental results are 
successful 1 with tobacco-weight values between 700-900 mg/cig. 
However, for higher tobacco densities, the mathematical models 
give slightly different results compared to the experimental 
data. 

Plans 


Mathematical prediction of the sidestream results for the same 
prototypes. 

Verification of the validity of the mathematical functions for 
the cigarettes containing total expanded tobacco. 
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FIGURE 1 


FILTRATION EFFICIENCY AS FUNCTION OF 
RTD AND DENIER PER FILAMENT 


fitter dimension : 21/7.7 mm ud. 



FILTRATION EFFICIENCY AS FUNCTION OF 
RTD AND DENIER PER FILAMENT 
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FIGURE 4 


PROJECT CHISEL 
PUFF COUNT vernit T.WEIGHT 



CHISEL 00*1 2BP-14P 

J \ ( { 1 

800 850 900 950 1000' 

Tobacco weight (mg/cFg) 


PROJECT CHISEL 
FIRMNESS versus T.WEIGHT 



) 750 800 850 900 950 1000 

Tobacco weight (mg/cig) 
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Tobacco weight (mg/clg) 


PROJECT CHISEL 
CO A PUFF COUNT v* T.WEIGHT 



750 800 850 900 950 1000 

Tobacco weight (mg/cig) 
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DPM (mg/clg) 


F-tgu/ie 6a 


PROJECT CHISEL 
DPM vercu* T.WEIGHT 



PROJECT CHISEL 
CO verm T.WEIGHT 
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CO/TAR 


F-cgu/ie 6 c 
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PROJECT CHISEL 
CO/TAR versus T.WEI6HT 


EXPER. 

-a- CALCUL. 
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F+guAe la 


PROJECT CHISEL 

ROD FILTRATION COEFFICIENT versus T.WEIOHT 



Tobacco weigh# (mg/cfg) 


PROJECT CHISEL 

DIFFUSION COEFFICIENT OF CARBON MONOXYDE 
— versus T.WEIGHT 

E 

E 

\ 



Tobacco weigh# (mg/cigj 1 
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PROJECT CHISEL 
ROD R.T.D vertu* T.WEIQHT 



800 850 900 950 1Q00 

Tobacco weight (mg/ctg) 


PROJECT CHISEL 

ROD DILUTIONS) versu* T.WEIGHT 



Tobacco weight (mg/cig) 
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TOBACCO ROD POROSITY 


F-cguAe 7c 


PROJECT CHISEL 

TOBACCO ROD POROSITY versus T.WEIGHT 



PROJECT CHISEL 

ROD R.T.D versus AVERAGE CHANNEL DIAMETER 
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AVERAGE CHANNEL DIAMETER (c 


F-LgiuA& 7d 


PROJECT CHISEL 

CORRELATION between ENCAPSULATED ROD R.T.D 
end ROD R.T.D 



PROJECT CHISEL 

AVERAGE CHANNEL DIAMETER versus T.WEIGHT 
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STATIC BURNING TIME (mln/AOmm) 


Figure S'a 


PROJECT CHISEL 
STATIC BURNING TIME Versus 
TOBACCO WEIGHT 



PROJECT CHISEL 
MASS BURNING RATE Versus 
TOBACCO WEIGHT 
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F-igu^z Sb 


PROJECT CHISEL 
STATIC BURNING RATE versus 
TOBACCO WEIGHT 



PROJECT CHISEL 

CIGARETTE DIAMETER * TOBACCO ROD DENSITY / STATIC BURNING TIME 
versus TOBACCO WEIGHT 
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